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ABSTRACT 

This r e p o r t  covers P a r t  1 of t h e  Phase IV program f o r  nondes t ruc t ive  

dynamic t e s t i n g  and eva lua t ion  o f  the p ro to type  deployable s o l a r  

a r r a y  suppor t  s t r u c t u r e  manufactured under JPL Cont rac t  951107. 

The work accomplished dur ing  t h e  pe r iod  covered by this  r e p o r t  c o n s i s t s  

of a test  p l a n  and procedure,  des ign  l ayou t  and d e t a i l  des ign  of the 

modular s o l a r  c e l l  i n s t a l l a t i o n ,  the 0.2g c r u i s e  maneuver a c c e l e r a t i o n  

tes t ,  a p p l i c a t i o n  of active and dummy s o l a r  cel ls  t o  t h e  pane l  sub- 

strate,  and f i n a l  assembly of the s o l a r  a r r a y  f o r  t e s t i n g .  

accomplished were des ign  and f a b r i c a t i o n  of special suppor t  f i x t u r e s ,  

v i b r a t i o n  f i x t u r e s ,  and s o l a r  c e l l  test  equipment. Process  develop- 

ment samples w e r e  p repared  and a thermal-vacuum test w a s  conducted t o  

e v a l u a t e  the e f f e c t  of process v a r i a b l e s  on low temperature deployment 

of the s o l a r  a r r a y  panel. 

Also 
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1.0 INTRODUCTION 

This p rogres s  r e p o r t  is  submitted under JPL Contract  951107 and 

covers Phase I V  t e s t i n g  and eva lua t ion  of  a pro to type  l a r g e  area 

s o l a r  a r r a y  s t r u c t u r e .  

This work is an ex tens ion  of t h e  Phase I, I1 and 111 a c t i v i t i e s  of 

t h e  c o n t r a c t  which have been p rev ious ly  r epor t ed  i n  Ryan Reports 

20869-1, 20869-2, and 20869-3.(references 1, 2 and 3). 

The pe r iod  of  performance covered i n  t h i s  r e p o r t  is from s ta r t  of 

Phase I V  a c t i v i t y  on 5 June 1967 through 31 October 1967. 

The r e p o r t i n g  pe r iod  has  been extended i n  o r d e r  t o  cover  t h e  c r u i s e  

maneuver test  and assembly of t h e  s o l a r  c e l l  a r r ay .  

1 



2.0 TECHNICAL DISCUSSION 

The s o l a r  ce l l  a r r a y  suppor t  s t r u c t u r e  designed and f a b r i c a t e d  i n  

earlier phases of t h i s  con t r ac t  i s  s u i t a b l e  f o r  a Mars o r  Venus 

mission, i . e . ,  launch and encounter ,  u s ing  chemical s y s t e m s  and an 

Atlas/Centaur  launch veh ic l e .  

The purpose of t h i s  t e s t  program is  t o  e v a l u a t e  t h e  s t r u c t u r a l  

i n t e g r i t y  and e l e c t r i c a l  c h a r a c t e r i s t i c s  of t he  s o l a r  a r r a y  assembly 

when sub jec t ed  t o  the most c r i t i c a l  launch and environmental  condi- 

t i o n s  a n t i c i p a t e d  dur ing  a hypo the t i ca l  mission t o  Mars o r  Venus. 

y rev ious  design and f a b r i c a t i o n  a c t i v i t y  has  been l i m i t e d  t o  t h e  

deployable  a r r a y  s t r u c t u r e .  

has  been necessary  t o  complete the des ign  of  t h e  s o l a r  ce l l  array 

i n s t a l l a t i o n  and apply a c t i v e  and s imula ted  s o l a r  cells t o  t h e  pane l  

sub s t r a t  e. 

In o r d e r  t o  conduct t h e  test program i t  

2 .1  TEST PLAI AND PROCEDURES 

2.1.1 T e s t  P l an  

A d e t a i l e d  test  p l an  w a s  prepared t o  e s t a b l i s h  t h e  cr i ter ia  f o r  

eva lua t ion  of t he  s o l a r  a r r a y  s t r u c t u r e .  

contained i n  Report 20865-1, Test P lan  and Procedures f o r  Phase I V  

Nondestruct ive Tes t ing  and Evaluat ion o f  t h e  Pro to type  Deployable 

S o l a r  Array S t r u c t u r e  Manufactured Under Cont rac t  951107 ( r e fe rence  4 ) .  

The p lan  and procedures  are 

?“ne tests are designed t o :  

a. Assure s a t i s f a c t o r y  opera t ion  of t h e  deploying beam and mechanism 

and s o l a r  cells i n  a space environment wi th  thermal  environment 

a t  t h e  upper l i m i t  comparable t o  t h e  Mariner 67 Venus Mission, 

(260MW/CM2). 

2 



b. 

C. 

d. 

e. 

f .  

Accumulate temperature g rad ien t s  and temperatures  a t  s e l e c t e d  

l o c a t i o n s  on the  beams and s u b s t r a t e  €or  c o r r e l a t i o n  w i t h  

t h e o r e t i c a l  values .  

Determine i f  t h e  s o l a r  c e l l  p r o t e c t i o n  pads are s u f f i c i e n t  t o  

prevent  launch v i b r a t i o n  damage t o  t h e  s o l a r  ce l l s  and e l e c t r i c a l  

wiring. 

Compare d r i v e  torque  requirements ,  under s imulated vacuum and I R  

f l u x  environment, w i t h  sea level  requirements.  

Assure t h a t  t h e  deployable beams w i l l  c a r ry  t h e  s t eady  s ta te  

a c c e l e r a t i o n  induced t o  the  deployed a r r ay  dur ing  c r u i s e  man- 

euve r . 
Assure t h a t  a s t e r i l i z a t i o n  thermal  environment w i l l  no t  have 

adverse  e f f e c t s  on t h e  e l e c t r i c a l  o r  s t r u c t u r a l  c h a r a c t e r i s t i c s .  

2.1.2 T e s t  Procedures 

The tes ts  are based on JPL design c r i te r ia  f o r  t h e  deployable  s o l a r  

a r r a y  (see r e f e r e n c e  2 ,  Ryan Report No. 20869-2, 5 May 1966) w i t h  

modi f ica t ion  of the  thermal vacuum cycl ing  c r i te r ia  s o  t h a t  i t  is  

comparable w i t h  both  a Venus mission and a Mars mission. 

The tests c o n s i s t  o f  t h e  following: 

a. Simulat ion of 0.2g c ru i se  maneuver. 

b. Deployment cyc le  e f f e c t s  on s o l a r  ce l l s  i n  a 1.Og ambient 

environment . 

3 



C. 

d. 

e. 

f .  

g -  

h. 

Launch v i b r a t i o n  environment c o n s i s t i n g  of s i n u s o i d a l  v i b r a t i o n  a t  

1.6g rms from 6 t o  20 Hz and 4.0g rms from 20 t o  200 Hz; a l s o  random 

v i b r a t i o n  a t  0 . l g  /Hz and 0.2g /Hz from 200 t o  2000 Hz each f o r  180 

sec. S inuso ida l  and random environment induced independent ly .  

2 2 

Deployed dynamic c h a r a c t e r i s t i c s  t o  determine t h e  beam f i r s t  

c a n t i l e v e r  bending mode, pane l  f i r s t  t o r s i o n  mode, and s u b s t r a t e  

f i r s  t mode. 

Acoust ic  t es t  

boos te r .  

s imu la t ing  launch environment f o r  t h e  Mariner 69 

Thermal vacuum tes t  cons i s t ing  of two deployment and r e t r a c t i o n  

cyc les .  The f i r s t  cyc le  s imula t e s  a cond i t ion  i n  which t h e  

shroud is e j e c t e d  wh i l e  the  s p a c e c r a f t  is i n  o r b i t  i n  e a r t h  

shadow. The pane l s  deploy wh i l e  t h e  s p a c e c r a f t  i s  s t i l l  i n  

e a r t h  shadow, then  t h e  spacec ra f t  moves from shadow i n t o  s u n l i g h t  

and proceeds on a Mars mission. Panels  r e t r a c t  and deploy some- 

where enroute .  (So la r  f l ux  is  assumed, conse rva t ive ly ,  equa l  t o  

t h a t  n e a r  e a r t h . )  

The second c y c l e  s imula tes  a s i m i l a r  o r b i t  and deployment wi th  t h e  

s p a c e c r a f t  i n  e a r t h  o r b i t  w i t h  t h e  pane ls  deploying i n  e a r t h  

shadow. Then t h e  spacec ra f t  proceeds on a Venus mission. The 

panels  retract and deploy somewhere enroute .  (So la r  f l u x  i s  

assumed, conse rva t ive ly ,  equa l  t o  t h a t  near  Venus .) 

S t e r i l i z a t i o n  Heat Flux s imula t ion  c o n s i s t i n g  of t h r e e  cyc le s  of 

36 hours  a t  295OF i n  dry  n i t rogen .  

Repea t  launch s i n u s o i d a l v i b r a t i o n  i n  t h e  most c r i t i c a l  axes,  and 

e lec t r ica l  performance measurements t o  e v a l u a t e  e f f e c t s  of steril- 

i z a t i o n  thermal  environment. 

4 



2 .2 DESIGN DISCUSS I O N  

The design t a s k s  completed i n  t h i s  pe r iod  i n c l u d e  d e f i n i t i o n  of t h e  

active and s imula ted  s o l a r  c e l l  i n s t a l l a t i o n ,  des ign  of a deployment 

suppor t  f i x t u r e ,  a des'ign of v i b r a t i o n  test f i x t u r e s ,  and a s o l a r  c e l l  

a r r a y  e lec t r ica l  test console.  

Figures  1 and 2.  

provided an area of 5 1  square f e e t ,  w i t h  an a d d i t i o n a l  6 squa re  f e e t  

a v a i l a b l e  f o r  mounting c e l l s  by extending t h e  s u b s t r a t e  inboard t o  

meet t h e  s t o r a g e  drum. 

The s o l a r  a r r a y  s t r u c t u r e  is shown i n  
I n  t h e  o r i g i n a l  des ign ,  t h e  fou r  s u b s t r a t e  modules' 

The inbord s u b s t r a t e  module was redesigned t o  a t t a c h  t o  t h e  wrap 

drum and provide 57 squa re  f e e t  t o t a l  area. 

t o  set back t h e  o u t e r  boundary of t h e  s o l a r  r - < t l l  area (50 square  

f e e t )  by 13 inches from t h e  end of t h e  pa! This  change allowed 

a l l  s o l a r  cells t o  be  wrapped on t h e  c y l i ,  

s t o r a g e  drum. 

It was then  p o s s i b l e  

:a1 s u r f a c e  t o  t h e  

A new end p l a t e  s t i f f e n i n g  bracke t  assembly was designed t o  r e p l a c e  

t h e  h a t  s e c t i o n  s t i f f e n e r  shown i n  F igure  1, which j o i n e d  t h e  two 

end assemblies  ac ross  t h e  extended s o l a r  pane l  s u r f a c e .  This  

b racke t  d e t a i l  is  shown on E.0.366013 t o  drawing No. 208V006. 

Appendix). 

(See 

Figure 3 shows t h e  i n s t a l l a t i o n  of s o l a r  cells on t h e  pane l  s u b s t r a t e s .  

Fourteen s o l a r  c e l l  submodules are ar ranged  i n  p a i r s  a t  seven loca- 

t i o n s  on t h e  pane ls .  The a c t i v e  ce l l  l o c a t i o n s  were chosen t o  provide  

cells  a t  t h e  most c r i t i ca l  areas dur ing  launch and deployment t e s t i n g .  

The f i v e  c e n t e r  groups provide a s t a c k  of f i v e  l a y e r s  at t h e  drum 

c e n t e r  where maximum launch loads occur .  

are l o c a t e d  a t  areas of maximum and minimum s u b s t r a t e  d i s t o r t i o n  pre- 

v ious ly  observed i n  deployment cyc l ing .  

The o t h e r  two ce l l  groups 

5 
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The ce l l  submodules are 4 x 1 4  groups of 8 m i l  2 c m  x 2 cm s i l i c o n  

s o l a r  ce l l s  w i t h  3 m i l  cover s l i d e s .  The submodules have been wired 

t o  provide 28 cel ls  i n  series i n  each panel  group. Each of t h e  four  

s u b s t r a t e  modules i s  connected t o  t h e  r e c e p t a c l e  l o c a t e d  on t h e  sup- 

p o r t  s t r u c t u r e ,  pe rmi t t i ng  separate measurement of t h e  performance of 

each pane l  module. 

Aluminum a l l o y  dummy chips ,  0.016 inch  t h i c k ,  were used t o  s imula t e  

t h e  mass of s o l a r  cells and wir ing  elsewhere on t h e  pane l  su r f ace .  

The t o t a l  weight  of a l l  e lectr ical  c i r c u i t r y ,  ce l l s ,  dummy chips ,  and 

adhesive i s  15 pounds. The so la r  cel ls  are bonded t o  t h e  s u b s t r a t e  

u s ing  RTV 40 adhesive.  Process s p e c i f i c a t i o n  208S003 w a s  prepared t o  

c o n t r o l  t h e  method of a p p l i c a t i o n  of  s o l a r  ce l l s ,  dummy ch ips ,  and 

wi r ing  i n s t a l l a t i o n .  (See Appendix). 

A deployment suppor t  f i x t u r e  was designed f o r  suppor t  of t h e  pane l  

dur ing  h o r i z o n t a l  deployment, drawing SK9112 (See Appendix). This 

f i x t u r e  provides  r o l l e r  support  under t h e  beams and a l s o  under the 

deployable  s u b s t r a t e .  The f i x t u r e  has  been provided wi th  o p t i o n a l  

p o s i t i o n s  s o  t h a t  t h e  a r r a y  may be  supported and deployed wi th  t h e  

cells up o r  down, wi th  o r  wi thout  s u b s t r a t e  support .  

ba l ance  arrangement provides  a means f o r  s imula t ing  t h e  0.2g c r u i s e  

maneuver load.  

a r r a y  dur ing  deployment and r e t r a c t i o n  i n  thermal-vacuum tests. 

s u b s t r a t e  suppor t  r o l l e r s  are covered w i t h  s i l i c o n e  sponge rubber  and 

are sepa ra t ed  s u f f i c i e n t l y  t o  make n e g l i g i b l e  any b locking  of t h e  pane l  

rear s u r f  ace. 

A counter- 

This  f i x t u r e  is designed t o  be used t o  support  t h e  

The 

Two v i b r a t i o n  f i x t u r e s  have been designed t o  suppor t  the panel  during 

launch environment tests. The f i x t u r e s ,  of welded magnesium p l a t e ,  

are shown i n  drawings TR-1148-1 and TR-1148-10 (See Appendix). 

9 



An arrangement of e lectr ical  test equipment w a s  designed and assembled 

t o  f a c i l i t a t e  checking e lec t r ica l  c h a r a c t e r i s t i c s  i n  accordance wi th  

t h e  tes t  p lan .  The app l i ca t ion  of t h i s  equipment i n . t h e  t e s t  program 

is duscussed i n  Sec t ion  2.4 of t h i s  r e p o r t .  

2 . 3  RESULTS OF P R I N C I P A L  TESTS 

The p r i n c i p a l  test conducted i n  t h i s  per iod  is the c r u i s e  maneuver 

a c c e l e r a t i o n  test. 

2.3.1 Simulat ion of  Cruise  Maneuver Acce lera t ion  

This test w a s  conducted t o  s imula te  a normal-to-panel loading  equal  

t o  a 0.2g s t eady  s t a t e  cruise maneuver and a 0.05g s t eady  s t a t e  c r u i s e  

maneuver la teral  ( i n  plane) loading wi th  t h e  pane l  i n  t h e  deployed 

p o s i t i o n .  

the 0.2g load ing  whereas wi th  t h e  0.05g load ing ,  a concent ra ted  t i p  

load  w a s  appl ied  t o  s imula t e  only maximum moment. 

ducted i n  a sea-level environment w i t h  the l g  environment co r rec t ed  

t o  0.2g us ing  (1) m a s s  balances f o r  t h e  beams ( see  pages 8 through 10, 

Ryan Report No. 20865-1) and (2) l i g h t e r  mass on t h e  s u b s t r a t e  than  

0 . 3  poundlsquare f o o t  accomplished us ing  masking tape .  

i n g  t h e  loading t o  compensate f o r  a 6 pe rcen t  reduct ion  i n  beam modulus 

of e l a s t i c i t y  due t o  increased temperature  of  t h e  beams when deployed 

i n  space ,  t h e  added pane l  weight r equ i r ed  was 1.36 pounds (see pages 

6 and 7,  Ryan Report No. 20865-1) ; t h e  a c t u a l  weight  added, u s ing  

three- inch  wide masking t a p e ,  w a s  1 .23  pounds. 

t h e  pane l  mounts and is supported as i t  deploys is  shown i n  t h e  

Appendix, Ryan Drawing No.  SK-9112. 

Load d i s t r i b u t i o n  and bending moments w e r e  of concern with 

The tes t  was con- 

After co r rec t -  

The f i x t u r e  t o  which 
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2.3.2 T e s t  Procedure 

The sequence of t e s t i n g  was as follows: 

a. Deploy panel ,  w i t h  c e l l  s i d e  up, ou t  over  suppor t  r o l l e r s  i n  a 

l g  ambient environment and check la te ra l  p o s i t i o n  of beam t i p s .  

Then counterbalance 79% of beam weight ,  remove suppor t  r o l l e r s ,  

manually lower beams u n t i l  beams completely suppor t  l oad ,  and 

measure beam t i p s  and s u b s t r a t e  d e f l e c t i o n s  a f t e r  two minutes.  

Manually raise beams t o  h o r i z o n t a l  p o s i t i o n ,  add suppor t  r o l l e r s ,  

and r e t r a c t  s u b s t r a t e .  Deploy and check bean t i p  l a t e r a l  p o s i t i o n  

again.  Record t i m e  t o  r e t r a c t  and deploy panel .  This c o n s t i t u t e s  

one test cycle .  

There was a dev ia t ion  a t  t h i s  po in t  i n  t h e  t e s t  from t h e  o r i g i n a l  

test  p l an  (see pages 5 through 12, Ryan Report No. 20865-1). For 

convenience only ,  t h e  l a t e ra l  load test  was next  conducted. 

b. Add beam mass ba lance ,  remove support  r o l l e r s ,  and suppor t  pane l  

t i p  w i th  t i p  r o l l e r .  

a 0.6 pound ( inc ludes  6% i n c r e a s e  t o  compensate f o r  room temperature  

t e s t i n g )  la teral  load ,  by s p r i n g  s c a l e ,  a t  beam t i p  t o  g ive  a n  

equiva len t  bending moment a t  beam guides  due t o  0.05g a c t i n g  i n  

t h e  p lane  of t h e  panel .  Fecord d e f l e c t i o n ,  release l o a d ,  and 

check la teral  p o s i t i o n  of beam t i p s  t o  determine any permanent 

set. Then apply load i n  oppos i t e  d i r e c t i o n .  Record d e f l e c t i o n ,  

release load ,  and check la teral  p o s i t i o n  o f  beam t i p s  t o  de te r -  

mine any permanent set. 

t i o n  test. 

Measure pane l  t i p  l a t e r a l  p o s i t i o n  and apply 

This  c o n s i t i t u e s  the  0.05g load  simula- 

A t  t h i s  p o i n t ,  add support  r o l l e r s ,  remove mass ba lances ,  re t ract  

pane l ,  redeploy,  and check la te ra l  p o s i t i o n  of pane l  t i p s .  Record 

r e t r a c t i o n  and deployment t i m e .  R e t r a c t  pane l ,  remove from f i x t u r e  

and remount f o r  normal-to-plane 0.2g s imula t ion  load  wi th  c e l l  s i d e  

down. 
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c. Test s imilar  t o  test (a) above, b u t  wi th  c e l l  s i d e  down. 

2.3.3 T e s t  Resu l t s  

The test r e s u l t s  are given i n  t h e  o r d e r  of procedure p r e s e n t a t i o n  above 

and compared wi th  a n a l y t i c a l  r e s u l t s  given i n  Report Report No. 20869-2. 

a. C e l l  Side Up, 0.2g Simulation 

- Panel  d e f l e c t i o n  measured a t  beam t i p ,  24 7/16 inches 

(by a n a l y s i s ,  17  inches ,  see page 95, Ryan Report No. 20869-2). 

Def l ec t ion  w a s  g r e a t e r  than  c a l c u l a t e d  l a r g e l y  due t o  looseness  

of beam a t  guide.  

- S u b s t r a t e  d e f l e c t i o n  ( s e e  Figure 4 ) ,  3 5/8 inches.  

- Lateral beam d e f l e c t i o n  (two beams), 13/16 inch  (by a n a l y s i s ,  

10 inches ,  see page 76, Se lec t ed  Design, Ryan Report No. 

20869-2) 

- Retract t i m e ,  3 minutes,  17  seconds 

- Deploy t i m e ,  3 minutes,  14  seconds 

NOTE: The la teral  beam d e f l e c t i o n  w a s  less than  expected by 

a n a l y s i s  because a n a l y s i s  assumed t h e  s u b s t r a t e  t o  be cu t  t o  

t h e  same width as the  beam spac ing ,  i n  which case l a r g e r  la teral  

ca tenary  loads  would b e  t r a n s f e r r e d  t o  t h e  beams. 

of t h i s  is only about a 20% reduc t ion  i n  la teral  beam load and 

about an  equal  reduct ion i n  pane l  normal t o  p lane  d e f l e c t i o n .  

The ba lance  ( l a r g e r  percent )  of t h e  d i f f e r e n c e  between t e s t  

and a n a l y s i s  i s  probably due t o  t h e  amount of f i x i t y  provided 

a t  t h e  beam ends; f i x i t y  e r r o r  of 72% i n c r e a s e  i s  necessary  

The e f f e c t  
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i n  a d d i t i o n  t o  t h e  reduct ion  in. la teral  load due t o  t h e  

excess ive  s u b s t r a t e  width,  t o  j u s t i f y  t h e  reduct ion .  This  

l a r g e  an e r r o r  i n  f i x i t y  is  ques t ionab le  and must b e  

v e r i f i e d  by a load-def lec t ion  test  be fo re  w e  can b e  certain 

t h a t  t h i s  i s  where the d i f f e r e n c e  is. 

No permanent set o r  e l a s t i c  buckl ing  of t h e  beams occured as a 

r e s u l t  of t h i s  l i m i t  load tes t .  The beam t i p  la teral  p o s i t i o n  

w a s  t h e  same a f t e r  redeployment. 

b .  0 . 0 5 ~  Simulat ion 

- Panel  d e f l e c t i o n  measured a t  beam t i p ,  1/8 inch  e i t h e r  direc--- 

t i o n  (by a n a l y s i s ,  1.5 inches ,  see page 40, Ryan Report No. 

20869-2). 

- Retract t i m e ,  3 minutes,  1 7  seconds 

- Deploy t i .me,  3 minutes,  1 4  seconds 

NOTE: The lateral d e f l e c t i o n  w a s  less than  expected by 

a n a l y s i s  because a n a l y s i s  assumed t h e  beam s u b s t r a t e  

a t t a c h  c l i p s  do no t  t r a n s f e r  shea r  immediately. 

N o  permanent s e t  o r  e l a s t i c  buckles  occurred as a r e s u l t  of t h i s  

l i m i t  l oad  test. 

loads  a p p l i c a t i o n  i n  each d i r e c t i o n .  

The beam t i p  l a te ra l  p o s i t i o n  w a s  t h e  same a f t e r  

12A 



Figure  4 .  S u b s t r a t e  D e f l e c t i o n  Showing 
Tape Added to Simulate Mass 
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c. Cell Side Down, 0.2g Simulat ion 

The panel  supported approximately 65% of  t h e  r equ i r ed  bending moment, 

equ iva len t  t o  about 0.13g, when e l a s t i c  buckl ing  of t h e  t i t an ium beams 

occurred w i t h i n  t h e  guide s l eeves  wi th  t h e  beam t i p s  d e f l e c t e d  20 

inches .  It w a s  determined t h a t  t h e  reason f o r  premature e las t ic  buck- 

l i n g  of t h e  beam w a s  due t o  i n s u f f i c i e n t  suppor t  by t h e  guide sleeves 

( i n  t h e  s u b s t r a t e  cutaway a r e a ) ,  a l lowing t h e  beam t o  f l a t t e n  somewhat 

( see  F igure  5) as i t  i s  d i s t o r t e d  a t  t h e  guide ,  reducing its s t r u c t u r a l  

s t i f f n e s s .  Ca lcu la t ions  i n d i c a t e d t h a t  a s e c t i o n  of beam, a c t i n g  as a 

doubler ,  would b e  r equ i r ed  along each beam cap i n  t h e  guide unsupported 

area. A s e c t i o n  of beam, approximately 12 inches  long x 1 . 7  inches 

wide w a s  then  bonded t o  each beam i n  those  areas ( see  F igure  6 )  us ing  

1200 primer and Dow Corning RTV 3145 adhesive.  Af t e r  cure ,  t h e  test  

w a s  re-run w i t h  success .  

- Panel  d e f l e c t i o n  measured a t  t i p ,  20 inches  

(see Figure  7) 

- Retract t i m e ,  3 minutes,  29 seconds 

- Deploy t i m e ,  3 minutes,  13 seconds 
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F i g u r e  5. Beam Pull-Away a t  Guide-Sleeve 
When Loaded ( C e l l  S i d e  Down) 
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Figure  6 .  B e a m  Cap Doubler Added A t  Guide 
For Loading ( C e l l  S i d e  Down) 



t 

Figure  7. Def lec ted  P a n e l  Under 0.2g 
Loading ( C e l l  S i d e  Down) 
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No permanent set o r  e l a s t i c  buckl ing of t h e  beams occurred as a 

r e s u l t  of t h i s  l i m i t  load tes t  a f t e r  t h e  beam doublers  were 

added. 

2.3.4 Assembly of So la r  C e l l  Array 

S ix teen  4 x 1 4  submodules were provided by J P L  f o r  i n s t a l l a t i o n  on t h e  

s u b s t r a t e .  

I -V  curves p l o t t e d .  These curves are a v a i l a b l e  f o r  r e fe rence  a t  t h i s  

c o n t r a c t o r ' s  f a c i l i t y .  The tests were conducted outdoors i n  d i r e c t  

s u n l i g h t .  

c e l l  fu rn i shed  by JPL. 

formance d a t a  obta ined  by Spectrolab Div is ion  of Textron,  I n c . ,  us ing  

a s o l a r  s imula to r  i n t e n s i t y  of 140 mw/cm . 
c i r c u i t  c u r r e n t  p l o t t e d  wi th  respect t o  l i g h t  i n t e n s i t y  and i n d i c a t e s  

t h e  degree of c o r r e l a t i o n  with t h e  Spec t ro lab  d a t a .  

The e l e c t r i c a l  performance of each ma t r ix  w a s  measured and 

S o l a r  i l l umina t ion  was determined by a secondary s t anda rd  

These r e s u l t s  were c o r r e l a t e d  wi th  t h e  per- 

2 Figure 8 shows t h e  s h o r t  

A f t e r  completion of t he  0.2g c r u i s e  maneuver t es t ,  t h e  modular s u b s t r a t e s  

w e r e  removed from t h e  beams. I n s t a l l a t i o n  of s o l a r  c e l l  submodules and 

dummy cells w a s  accomplished i n  accordance wi th  drawing 208V013 (Figure 3) 

and process  s p e c i f i c a t i o n  2088003. 

Some problems were encountered dur ing  assembly of t h e  s o l a r  c e l l  a r r a y s .  

These involved p o s s i b l e  v a r i a t i o n  i n  adhesion of  s o l a r  ce l l s  t o  t h e  

f i b e r g l a s s  s u b s t r a t e  and some i n c i d e n t s  of cracked s o l a r  cel ls  during 

a p p l i c a t i o n  and i n s t a l l a t i o n  of t h e  s u b s t r a t e s  on t h e  a r r a y  s t r u c t u r e .  

Var i a t ions  which occurred i n  t h e  p r e p a r a t i o n  of t h e  f i b e r g l a s s  s u b s t r a t e  

w i th  respect t o  t h e  amount of sanding  and adhesive primer th i ckness  could 

have an e f f e c t  on low temperature adhesion of t h e  s o l a r  ce l l s .  

o r d e r  t o  measure t h e s e  e f f e c t s ,  an e v a l u a t i o n  test t o  determine t h e  

e f f e c t  of process  v a r i a b l e s  was conducted. 

i n  d e t a i l  i n  Sec t ion  2.4,  i n d i c a t e s  t h a t  t h e  v a r i a t i o n s  which e x i s t e d  

on t h e  s o l a r  panels d id  not  prevent s a t i s f a c t o r y  adhesion of t h e  s o l a r  

cel ls .  

I n  

This tes t  which i s  desc r ibed  
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Of more s i g n i f i c a n c e  were problems i n  hand l ing  of t h e  s o l a r  pane ls  

du r ing  a p p l i c a t i o n  and assembly. 

c o n s i s t e d  of f l a t  boxes l i n e d  w i t h  foam, f l a t  suppor t  t a b l e s ,  and 

t h e  r o l l e r  suppor t  f i x t u r e  prev ious ly  desc r ibed  (see. F igure  4 ) .  

Handling f a c i l i t i e s  provided 

For i n s t a l l a t i o n  of t h e  s o l a r  pane l s  t o  t h e  suppor t  beams, a s p e c i a l  

plywood board w a s  p laced  on top  of t h e  suppor t  r o l l e r s  t o  provide  a 

f l a t  s u r f a c e  benea th  t h e  s u b s t r a t e s .  

\ h e n  assembly w a s  complete, cracks were noted  i n  25 of t h e  784 active 

cel ls  on t h e  a r r a y .  The ma jo r i ty  of t h e s e  ce l l s  (about 20) were 

damaged dur ing  assembly of t h e  s u b s t r a t e s  t o  t h e  beams. The number 

of cracked cel ls  was much h ighe r  than  a n t i c i p a t e d  and can b e  a t t r i -  

bu ted  p r i m a r i l y  t o  two causes.  There w a s  some d i v e r s i o n  of a t t e n t i o n  

frcm care i n  handl ing  t h e  s o l a r  pane l s  t o  problems of assembly t o  

t h e  beams. 

coord ina ted  and r equ i r ed  s p e c i a l  edge connectors t o  be  a t t ached .  

Also, s u b s t r a t e  widths varied and p resen ted  some assembly d i f f i c u l -  

t ies.  The o t h e r  f a c t o r  involved t h e  r o l l e r  suppor t  f i x t u r e  i t s e l f .  

\hen t h e  s p e c i a l  board w a s  removed, i t  was ev iden t  t h a t  t h e  c e n t r a l  

suppor t  r o l l e r s  under t h e  s u b s t r a t e s  w e r e  spaced t o o  f a r  a p a r t  t o  

g ive  proper  suppor t  t o  t h e  panel and caused m d e s i r a b l e  bending of 

t h e  s o l a r  ce l l  modules. 

The s u b s t r a t e  s l o t s  and beam s l o t s  w e r e  n o t  e x a c t l y  

The f i x t u r e  w a s  t hen  temporar i ly  modified t o  remove the c e n t r a l  

suppor t  r o l l e r s  i n  o r d e r  t o  prevent f u r t h e r  damage t o  t h e  cel ls  

du r ing  deployment c y c l e s .  

F igu re  9 i s  a photograph of t h e  completed s o l a r  c e l l  i n s t a l l a t i o n  on 

t h e  pane l ,  ready f o r  deployment cyc l ing  tests. 
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Figure  9. S o l a r  C e l l  I n s t a l l a t i o n  On 
Deployable  Array 
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2.4 ENVIRONMENTAL C O N S I D E R A T I O N S  

Addi t iona l  i n v e s t i g a t i o n  of t h e  p o t e n t i a l  e f f e c t  of several s p e c i f i c  

environments on t h e  a r r a y  was conducted. One cons ide ra t ion  w a s  t h e  

e f f e c t  of low temperature  (-150'F) on t h e  adhesion of RTV-40 bonded 

s o l a r  ce l l s  and cummy chips  t o  t h e  f i b e r g l a s s  s u b s t r a t e .  This adhesion 

is of concern during deployment of t h e  a r r a y  i n  thermal-vacuum tes t  

c y c l e s .  A tes t  w a s  planned and conducted t o  measure t h i s  e f f e c t .  The 

tests r e s u l t s  are descr ibed  i n  Paragraph 2.4.1 d i scuss ion  which fol lows:  

A t  t h e  r eques t  of J P L ,  the e f f e c t  of Mariner 69 launch environment on 

t h e  deployable  a r r a y  was a l so  considered.  Cr i t i ca l  launch environment 

f o r  t h e  h y p o t e h t i c a l  mission s p e c i f i e d  i n  t h i s  c o n t r a c t  i s  4.0g rms a t  

20-200 c p s .  For t h e  Mariner 69 launch environment, a level  of 7.5g rms 

(30 t o  250 cps)  i s  given for  e v a l u a t i o n .  This a n a l y s i s  is presented  i n  

Paragraph 2.4.2. 

2 .4 .1  T e s t  Resu l t s  

Support ing tests which p e r e  performed i n  t h i s  pe r iod  of performance 

and are r epor t ed  h e r e i n  include:  

o Adhesive Bond Test-Solar Cells t o  S u b s t r a t e  

o Pre l iminary  Check of Pane l  S t r a i n  i n  S o l a r  C e l l  Area 

2.4.1.1 Adhesive Bond T e s t  of S o l a r  Cells t o  S u b s t r a t e  

This t e s t  w a s  conducted t o  ob ta in  a high degree of confidence i n  t h e  

compa t ib l i t y  of t h e  adhesive bond j o i n t  (between t h e  s o l a r  cel ls  and 

f i b e r g l a s s  s u b s t r a t e )  wi th  t h e  environment t o  which i t  w i l l  be  sub- 

j e c t e d  i n  t h i s  program. The t e s t  q e c i m e n s  will be sEb jec t  t o  m l y  

t h e  most c r i t i c a l  of t h e s e  environments,  namely deployment from a 
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wrapped p o s i t i o n  i n  a low temperature vacuum environment. 

of the  specimen be fo re  and af ter  t e s t i n g  and of test  s e t u p  w i l l  be  

taken . 

Photographs 

T e s t  Procedure 

a. The approach w a s  t o  f i r s t  determine t h e  b e s t  method of prepar ing  

t h e  s u r f a c e s  t o  b e  bonded, us ing  aluminum dummy chips  bonded t o  the  

f i b e r g l a s s  s u b s t r a t e  i n  the  conf igu ra t ion  shown i n  F igure  10. 

Figure 10. S u r f a c e  P repa ra t ion  I n v e s t i g a t i o n  
Specimens Using Dummy Chips  
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After  bond is completed an ambient p r e - t e s t  bond cond i t ion  w i l l  b e  

noted by (1) hand f l e x i n g  t h e  specimens i n  an approximate two 

inch  r ad ius  arc  w i t h  dummy chips  on o u t s i d e  of arc, (any loose  

bonded edges w i l l  be  no ted ) ,  ( 2 )  performing a cleavage t e s t  on 

random dummy ch ips  of each ma t r ix  us ing  a load t e s t  i n d i c a t o r  

such as a s p r i n g  scale with a r ight-angled loading  t i p .  

one pound w i l l  be  a p p l i e d  and any f a i l u r e s  noted. 

w i l l  then  be  mounted on the  test  f i x t u r e  as shown i n  F igure  11. 

The four  ounce pre load  i s  in tended  t o  approximate p o s s i b l e  load  

i n  t h e  s u b s t r a t e  as it wraps on t h e  drum i n  t h e  a c t u a l  condi t ion .  

A load of 

The specimens 

TEFLON LINE WRAP 

THEEMOC0uPI;ES ON DRIVE 
FACE OF FIXTURE S MOTOR 

TImJ4ocOuPT;E 
ON MOTOR TEST 

SPECTMEN 
FLAT BLACK PAINT ON 
INSIDE OF SHEET METAL 

TEST FIXTlTRE 
(SEE FIGURE 12) 

AT START OF TEST 

Figure  11. Specimens Mounted on F ix tu re  
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The test f i x t u r e  (F igure  12 )  w i l l  be  mounted i n  a vacuum chamber. 

Tne chamber atmosphere w i l l  be reduced t o  t o r r  o r  less and 

the  co ld  wall  shroud flooded wi th  LN2 a t  a rate such t h a t  t h e  

specimen temperature  i s  not reduced f a s t e r  than  50"F/min. Four 

#36 gage copper constantan thermocouples,  one mounted on each 

specimen, w i l l  be  used t o  monitor  tempera tures .  

recorded specimen temperature i s  s t a b l e  a t  about -150'F ( s t a b i l i z e d  

temperature  based on about 5"F/hour change),  t h e  d r i v e  motor w i l l  be 

a c t i v a t e d  which w i l l  p u l l  t h e  specimens from t h e  curved p o s i t i o n  

i n t o  a f l a t  p o s i t i o n  a t  a rate of about 4 . 4  f t /min.  The test 

specimens w i l l  then  be  removed from t h e  chamber and adhesive bond 

cond i t ion  of each dummy chip checked a t  room temperature  by f l ex -  

i ng  i n  a s i x  inch  r ad ius .  

When t h e  

Any loose  bond edges w i l l  b e  noted f o r  t h e  f l e x  r a d i u s  check and 

pe rcen t  of occurrences noted wi th  r e spec t  t o  t o t a l  number of 

dummy ch ips  (with accep tab le  bonds p r i o r  t o  tests) on t h a t  respec- 

t i v e  mat r ix .  

i n v e s t i g a t i o n  w i l l  be  s e l e c t e d  from t h e  ma t r ix  wi th  t h e  l eas t  per- 

cen t  edge bond f a i l u r e  when f l exed  i n  a four  and two inch  r ad ius  

arc. Edge bond f a i l u r e  f o r  a s i x  inch  r ad ius  arc i s  no t  acceptab le .  

A cleavage test of t h e  same chips  checked p r i o r  t o  test  w i l l  b e  

performed and compared with those  r e s u l t s .  

The bond p repa ra t ion  most s u i t a b l e  f o r  f u r t h e r  

Secondly, two wired  s o l a r  ce l l  matrices w i l l  b e  bonded t o  a f i b e r -  

g l a s s  s u b s t r a t e  using the  s e l e c t e d  bond p repa ra t ion  detennined from 

tests w i t h  t h e  dumny chips .  

manner as t h e  dummy chip  specimens. 

engineer ing  f o r  review and de termina t ion  i f  bond i f  s a t i s f a c t o r y .  

b. 

The specimen w i l l  be  t e s t e d  i n  the  same 

Data w i l l  b e  forwarded t o  

24 



-i 
I 

$1 

25 



Test S e t - U D  

The c l eavage  tes t  s e t u p  i s  shown i n  F igu re  13.  F i g u r e s  14  and 15 

show t h e  specimen on t h e  f i x t u r e  f o r  u se  i n  t h e  vacuum chamber i n  

( a )  t h e  s tar t  of t es t  and (b) end o f  test p o s i t i o n s ,  r e s p e c t i v e l y .  

F igu re  16  shows t h e  specimen i n  p o s i t i o n  i n  t h e  vacuum chamber and 

t h e  lamp t o  g i v e  l i g h t  f o r  mon i to r ing  v i s u a l l y  w i t h  t h e  vacuum 

chamber door  c losed .  

F igu re  13. Cleavage Test Set-Up 
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F i g u r e  14.  Specimen on F i x t u r e  i n  S t a r t  of T e s t  P o s i t i o n  

Yigure 15.  Specimen on F i x t u r e  i n  End of Test P o s i t i o n  
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F i g u r e  1 6 .  Specimen on F i x t u r e  i n  Vacuum Chamber 
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Bonded Dummy Chip T e s t  Data 

SPEC NO. 

1 

2 

3 

4 

PREP RATION 

Moderately primed 
wi th  sanding 

Heavily primed 
wi th  G.E.  S-4004 

Heavily primed 
wi th  sanding 

Moderately primed 

SPECIMEN NO. 3 

1 2 1 9 1  I I i l l 6 1  I I I I I I I 
m Direction of Motion 

SPECIMEN NO. 4 

::: Questionable Lorids prior to vacuum 
te s t  (Loose chip at edges) 

Figure 17. Location of Specimen Cells Monitored 
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TABLE 1 

RESULTS OF BONDED DUMMARY CHIP CLEAVAGE TEST 

One Pound Load T e s t  

P r i o r  t o  Vacuum T e s t  

Spec imen N o .  1 

1 - ok 
2 - ok 
3 - ok 
4 - ok 
5 - ok 
6 - ok 
7 
8 
9 

I Spec-imen NO. 2 

1 - ok 
2 - ok 
3 - ok 
4 - ok 
5 - ok 
6 - ok 
7 
8 
9 

Spec imen  N o .  3 

1 - ok 
2 - ok 
3 - ok 
4 - ok 
5 - ok 
6 - ok 
7 
8 
9 

Spec imen  No. 4 
1 - l i f t e d  50% 

of area 

High Load T e s t  

P r i o r  t o  Vacuum T e s t  

10 l b s .  -0k 
5 l b s .  -0k 
5 l b s .  -0k 

10 l b s .  -0k 
5 ~ D S  . -ok 
5 l b s .  -0k 

10 l b s .  -0k 
5 l b s .  -0k 
5 l b s .  -0k 

A f t e r  Vacuum T e s t  

10 I b s .  -0k 
5 lbs. -0k 
5 l b s .  -0k 

10 l b s .  -0k 
5 l b s .  -0k 
5 l b s .  -0k 

10 l b s .  -0k 
5 I b s .  -0k 
5 l b s .  -0k 

2 .7  l b s .  - c o m p l e t e  
f a i l u r e  
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TABLE 1 

(Continued) 

P r i o r  t o  Vacuum T e s t  

~ 

One Pound Load T e s t  
- 

Afte r  Vacuum T e s t  

1 l b .  - h e l d  

1 lb. - h e l d  

2.5 l b s .  - f a i l e d  

P r i o r  t o  Vacuum T e s t  

Specimen No. 4 (Cont) 

2 - l i f t e d  50% of 
area 

3 - complete f a i l u r e  

4 - l i f t e d  50% of 
area 

5 - complete f a i l u r e  

6 - ok 
7 - s t a r t e d  t o  l i f t  

8 - ok 

9 - s t a r t e d  t o  l i f t  

10 

11 

1' l b .  - h e l d  load 

1 l b .  - ok 

0 . 6 3  l b .  - f a i l e d  
~~ 

Fa i l ed  a t  2 l b s .  - 
primer t o  s u b s t r a t e  

2.5 l b s .  - complet, 
f a i l u r e  
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Temperature Data 

Temperatures were recorded a t  t h e  specimen f i x t u r e  and d r i v e  

motor; (1) b e f o r e  vacuum tes t  began ( co ld  soak took approxi- 

mately 3 hour  t o  reach  s t a b i l i z a t i o n )  and (2)  dur ing  movement 

of specimen from 6 inch r a d i u s  arc t o  f l a t  p o s i t i o n  ( s imula t ing  

pane l  deployment). Resul t s  are p resen ted  i n  Table 2 .  Deploy- 

ment time took 4 seconds longe r  a t  t es t  temperature  (-150'F) 

as compared t o  15  seconds a t  room temperature .  

TABLE 2 

TEMPERATURE AT START OF TEST AND DURING TEST 

Thermocouple 
No. 

On Specimen 1 

2 

3 

4 

On F i x t u r e  5 

6 

7 

8 

9 

On Motor 11 

On Shroud 1 2  

On F i x t u r e  1 3  

-- 
Temperature,  O F  

Cold Soak ( 3  H r s )  
( S t a r t  T e s t )  

(-148) 

(-152) 

(-151) 

(-148) 

(-115) 

(-65) 

(-95) 

(-120) 

(-117) 

(- 7 4 )  
(-166) 

(-123) 

Temperature, O F  

:During Deployment) 

(-144) 

(-149) 

(-148) 

(153) 

(-115) 

(-65) 

(-95) 

(-120) 

(-118) 

( - 7 4 )  

(-166) 

(-123) 

-6 Vacuum - 2.3X10 Torr 
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Conclusions 

Only specimen N o .  4 ,  which had no roughened s u b s t r a t e  s u r f a c e  p r i o r  

t o  bonding and used a moderately primed s u b s t r a t e ,  d i d  no t  pass  t h e  

cleavage tes ts ,  e i t h e r  before  o r  a f t e r  deployment s imula t ion  i n  co ld  

vacuum. Since no conclusion can b e  drawn from t h i s  test as t o  the  

b e t t e r  method of bond p repa ra t ion  between specimens 1, 2 ,  04 3 ,  t h e  

two which i n t u i t i v e l y  would not  be  as good, (specimen 1 and 2) w i l l  

be f u r t h e r  i n v e s t i g a t e d .  Actual  s o l a r  c e l l  matrices w i l l  b e  used. 

- Eonded S o l a r  C e l l  T e s t  

Due t o  t h e  f r a g i l i t y  of s o l a r  cells  s u b j e c t  t o  c leavage load  for 

eva lua t ion  of t h e  adhesive bond, a c leavage  test similar t o  t h a t  

used on t h e  dummy chips  w a s  no t  performed. 

examined p r i o r  t o  t es t  f o r  s t r u c t u r a l  i n t e g r i t y  by no t ing  any r a i s e d  

o r  l o o s e  s o l a r  c e l l  edges viewed under a l i g h t  w i t h  t h e  specimen 

draped over  a 6 inch  r a d i u s  of cu rva tu re  p l a t e .  Af t e r  t h e  f l e x  t e s t  

i n  t h e  vacuum chamber, t h e  c e l l s  a t  t h e  bond were aga in  examined f o r  

any change i n  t h e  degree of l oose  o r  r a i s e d  edges.  

The s o l a r  c e l l  bond w a s  

No change i n  bond s t r u c t u r a l  i n t e g r i t y  w a s  noted as a r e s u l t  of the 

f l e x  test  i n  vacuum a f t e r  a two hour specimen soak a t  -150'F. 

t h e  intended usage, e i t h e r  bond p repa ra t ion  N o .  1 o r  N o .  2 may be 

considered s a t i s f a c t o r y  f o r  a t t a c h i n g  s o l a r  ce l l s  t o  .003 f i b e r g l a s s  

s u b s t r a t e  (Type 113 g l a s s  c lo th  impregnated w i t h  Ryan's RP7A-828 
epoxy r e s i n ) .  

For 

2.4.1.2 Pre l iminary  Check of Panel  S t r a i n  i n  S o l a r  C e l l  Areas 

This tes t  i s  conducted t o  determine what p o s s i b l e  stress can occur  

i n  t h e  s o l a r  c e l l  areas (cover g l a s s  considered more c r i t i c a l )  when 

sub jec t ed  t o  loading  condi t ions s imula t ing  those  which could b e  
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induced during deployment cycl ing.  From t h i s  in format ion ,  w e  w i l l  

, d e t e r m i n e  t h e  n e c e s s i t y  f o r  s t r a i n  gage monitor ing of t h e  pane l  

dur ing  deployment cyc le  t e s t i n g .  

BONDED S O m  
CELL L N S T A m T I O N  
2-14 X 4 MATRICES 

STRAIN GAGES 
BUDD TYPE C6-14LB 

GAGE FACTOR 2.08 +_ 0.5% 
RESISTANCE 120 -I 0.2 OHb?s 

1-ON SUBSTRATE BACKSIDE 
1-ON SOLAR C E L L  COVER GLASS 

TOP S I D E  

2 X 2 CM SOLAR C E L J S  

STRAIN MEASURING DIRECTION 
STRAIN INDICATOR 

SR-4 TYPE N 

Figure  18. T e s t  Setup f o r  S t r a i n  Check T e s t  

Resu l t s  and Conclusions 

The t e s t  r e s u l t s  ( s ee  Table 3) show t h a t  a maximum stress i n  t h e  s o l a r  

c e l l  cover-glass w i l l  occur  under a combined cond i t ion  of wrapping 

around t h e  6-inch rad ius  drum and s u b j e c t i o n  t o  l o c a l  buckl ing.  We 

know t h a t  t h i s  combination of cond i t ions  can a c t u a l l y  occur  i n  t h e  

pane l  as i t  w r a p s  on the  drum. Since (1) w e  know from t h i s  test t h e  

approximate s t r e s s  under t h i s  cond i t ion  (1600 + 1800 = 2780 p s i )  and 
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can use  t h i s  t o  approximate s o l a r  c e l l  stress i n  t h e  v i s u a l l y  moni- 

t o r e d  pane l  as i t  w r a p s  on t h e  drum, and (2) th i s  stress i s  w e l l  

below t h e  f r a c t u r e  stress of g l a s s  and t h e r e f o r e  damage should n o t  

occur as a r e s u l t  of deployment cyc l ing  of t h e  pane l ,  i t  is  t h e r e f o r e  

decided n o t  t o  i n s t a l l  s t r a i n  gages on t h e  pane l .  

TABLE 3 

RESULTS OF PRELIMINARY CHECK OF PANEL STRAIN I N  SOLAR CELL AREAS 

Type Load 

A. 6 i n .  r a d i u s  of curva ture  

B .  Edge compression s u f f i c -  
ient  t o  buckle  1 / 2 "  normal 
t o  p l a n e  

0.1250 
0.250 
0.375 

+ 
C.  Edge Tension 

(Approximately 4 lbs .) 

In-plane shea r  s u f f i c i e n t  
t o  buckle  1/2" normal t o  L plane 

S t r a i n  ---- 
Subs t ra t e Cover Glass 

1351.1 i n / i n  1601.1 i n / i n  
(585 p s i )  (1600 p s i )  

1 0 5 ~  i n / i n  1451.1 i n / i n  
(315 p s i )  (1450 p s i )  

(105psi)35p i n / i n  (1OOOpsi)1OOp i n / i n  
(162psi)  541.1 i n l i n  (1020psi) 1021.1 i n / i n  
( 2  34ps i) 78r.l i n / i n  (1180~s  i) 1181.1 i n / i n  

1701.1 i n / i n  201.1 i n / i n  
.(510 p s i )  200 p s i  

7.511 i n / i n  101.1 i n / i n  
(225 p s i )  (100 p s i )  
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2 
2.4.1.3 E f f e c t  of  Mariner "69" Loading Environment on 50 f t  

Dep.loyable So la r  Array 

The main concern w i l l  be  the s i n u s o i d a l  e x c i t a t i o n  ' increase  from 4g rms 

(20-200 cps )  , f o r  which the stowed a r r a y  was designed,  t o  7.5g rms 

(30-250 c p s ) .  

s u b s t r a t e  d e f l e c t i o n  t o  prevent  wrapped l a y e r s  of s o l a r  cel ls  contac- 

t i n g  each o t h e r  and breaking s o l a r  cel ls ,  and s p a c e c r a f t  mount s t r e n g t h  

compa t ib i l i t y .  

The a reas  of concern are wrap  drum s t r e n g t h  compa t ib i l i t y ,  

S u b s t r a t e  Def l ec t ion  

Since t h e  s i n u s o i d a l  frequency bandwidth i s  increased  above 200 cps 

t o  250 cps f o r  t h e  Mariner "69" environment, i t  is doub t fu l  t h a t  even 

i f  t h e  s u b s t r a t e  were wrapped wi th  s u f f i c i e n t  p r e c i s i o n ,  uns t r e s sed  

i n  t ens ion ,  such t h a t  a l l  l aye r s  contac ted  t h e  sponge s e p a r a t i o n  pads,  

t h e  l a y e r s  would r e s o n a t e  ou t s ide  t h e  s i n u s o i d a l  band. The s i n u s o i d a l  

response on t h e  o u t e r  l a y e r  i s  c a l c u l a t e d ,  assuming a damping r a t i o  

C / C  of 0.04, 

. 0 = 7.5 x 12.5 = 94 g rms - - 
' ( response) ' ( in) e 

-3  2 which, f o r  a u n i t  weight ,  w ,  of 2.37 x 10 l b s / i n  / l a y e r  ( s o l a r  cel ls  

p l u s  s u b s t r a t e )  would r e s u l t  i n  an average r a d i a l  p r e s s u r e  a t  t h e  

o u t e r  wrapped l a y e r ,  based on a t r i a n g u l a r  dynamic load  d i s t r i b u t i o n  

( s e e  F igure  22), 

Figure  1 9 .  Pos i t i on  of Load Def l ec t ion  
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c a l c u l a t e d  as ,  

average 
r a d a r  p r e s s u r e  = 1 / 2  (w.g ) = 112 (2.37 X 9 4 )  response . .  

= 0.111 p s i  l i m i t ,  0.134 p s i  u l t .  

For t h e  damping pad spac ing ,  x ,  of 2 i nch ,  and the damping pad d iameter  

of 0.5  inch, damping pad p res su re  = x = 5.46 p s i  u l t i m a t e  2 
IT x ( y )  

and f o r  t h i s  p r e s s u r e . l o a d ,  damper pad d e f l e c t i o n  from Ryan tests is  

g iven  as approximately 0.09 inch  (see Figure  20) 

mssuRE: (PSI) 

Figure 20. Damping Pad Deflection 
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For s i n u s o i d a l  v i b r a t i o n  a t  approximately 100 cps (fundamental f r e -  

quency due t o  t h e  manner i n  which t h e  s u b s t r a t e  wraps) t he  t o t a l  

d e f l e c t i o n  (pads and s u b s t r a t e )  of t h i s  o u t e r  s u b s t r a t e  l a y e r  is 

approximately 0.125 inch ,  which is  the l i m i t  of t h e  s u b s t r a t e  t o  

prevent  con tac t ing  another  s u b s t r a t e  l a y e r  and damaging s o l a r  cel ls ,  

I f  any two of the  wrapped l a y e r s  v i b r a t e  toge the r  a t  a lower mode, 

t h e  g r e a t e r  p re s su re  on the damping pads w i l l  cause ad jacen t  sub- 

s t ra te  l a y e r s  t o  con tac t  each o t h e r .  I f  w e  cons ider  a r educ t ion  of 

30 pe rcen t  i n  s o l a r  ce l l  weight ( . 3  l b s / f t  t o  . 2  l b s / f t  ) and i n c r e a s e  i n  

damping r a t i o  g iv ing  a reduct ion  i n  dynamic t r a n s m i s s a b i l i t y ,  q, 

from 12.5 t o  8.4, t h e  maximum s i n u s o i d a l  e x c i t a t i o n  permissable ,  t o  

the w r a p  drum i s  8 .4  g* r m s  t o  prevent  wrapped l a y e r  con tac t  w i th  

2 2 

only two l a y e r s  v i b r a t i n g  toge ther .  I f  any 

v i b r a t e  i n  unison,  con tac t  w i l l  occur.  

* 6: ( A q i n )  . q) (W) = cons tan t  

( 1 / 2  x 3/2)  x 7.5 = 
12.5 

g in .  8.4 
= -  

more than  two l a y e r s  

8.4g (rrns) max. 
11.9g (0-peak) max. 

Unless t h e  a c t u a l  damping i s  cons iderably  g r e a t e r  than  a n t i c i p a t e d ,  

one p o s s i b l e  s o l u t i o n  i s  t o  add a d d i t i o n a l  damping pads and probably 

a t  t h e  same t i m e  i n c r e a s e  t h e i r  th ickness  t o  a s su re  i n i t i a l  con tac t  

of wrapped l a y e r s  wi th  damping pads where t h e  s u b s t r a t e  wraps loose ly .  

The i n c r e a s e  i n  weight would b e  about 0.69 l b s .  f o r  t h e  pane l  o r  

0.014 l b s / f t  . It is  a n t i c i p a t e d  t h a t  an e x t e r n a l  pre tens ioned  wrap 

w i l l  dampen motion of t h e  wrapped l a y e r s  (both e x t e r n a l  wrap and 

i n t e r n a l  wraps v i b r a t i n g  i n  unison)  b u t  a t  t h e  same t i m e  w i l l  pre-load 

t h e  s o l a r  ce l l s  and more s o  when t h e  pre- tens ion  e f f e c t  is  t o  b e  

t r a n s m i t t e d  t o  t h e  i n n e r  layers; t h e r e f o r e ,  p re t ens ion ing  w i t h  an e x t e r n a l  

wrap is  undes i r ab le  

2 
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Spacec ra f t  Mount Cons iderat . ions 

A load i n c r e a s e  of 2.15 times t h a t  designed f o r  is shown as p o s s i b l e  

i n  Ryan Report No. 20869-2, 5 May 1966, F i n a l  Design Report  f o r  

Deployable Large Area So la r  Array S t r u c t u r e ,  page 61. The a c t u a l  

i n c r e a s e  considered he re  is:  

= 1 . 9 ,  Disregarding an  i n c r e a s e ,  probably,  i n  7.5 
4 
- 

s t r u c t u r a l  damping as load inc reases .  

Wrap Drum Considerat ions 

The above re ferenced  report  shows s u b s t a n t i a l  margins of s a f e t y ,  i n  

most areas, t o  allow a load  i n c r e a s e  as suggested.  The areas which 

would need a n  inc rease  i n  s t r e n g t h  capac i ty  are (1) r i v e t e d  s p i n d l e  

a t tachment  i n  drum end p l a t e s  which would r e q u i r e  a redes ign  as shown 

and (2) an  i n c r e a s e  i n  core  d e n s i t y  t o  e f f e c t  g r e a t e r  s h e a r  capac i ty .  

The weight  i n c r e a s e  f o r  t h e  above would b e  about 1 pound (see Figure  21). 

HONYCO-Ml3 CO 

PLATE FACES 

RIVETS - - 

PRESFTiT DESIGN 

ATTACHED 

REDESIGN REQUIRED 

Figure 21. End P la te  Design Comparison 
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3,O CONCLUSIONS 

During t h i s  pe r iod  t h e  s o l a r  a r r a y  s t r u c t u r e  has  been t e s t e d  wi th  

s a t i s f a c t o r y  r e s u l t s  i n  t h e  0.2g c r u i s e  maneuver a c c e l e r a t i o n  test .  

Assembly of s o l a r  c e l l  submodules and s imula ted  c e l l s  f o r  mass 

loading  w a s  completed. 

p r i n c i p l e  tests i n  accordance wi th  t h e  tes t  p l a n  (Reference 4). 
The a r r a y  is  ready f o r  con t inua t ion  of t h e  

Supporting tests t h a t  were conducted have i n d i c a t e d  t h e  approach 

t o  b e  taken  i n  performance of subsequent  t e s t i n g  and have encouraged 

confidence t h a t  f u r t h e r  tests can b e  completed wi th  s a t i s f a c t o r y  

r e s u l t s .  
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4.0 RECONMENDATIONS 

It is  recommended t h a t  t h e  c o n t r a c t o r  cont inue  w i t h  t h e  t e s t i n g  

and e v a l u a t i o n  of t h e  pro to type  s o l a r  a r r a y  s t r u c t u r e  i n  accor- 

dance wi th  t h e  approved test plan and procedures conta ined  i n  
Report 20865-1. . 

4 1  



5.0 NEW TECHNOLOGY 

N o  i t e m s  of a "New Technology!' nature have been i d e n t i f i e d  i n  

t h i s  p e r i o d  of performance. 
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7.0 APPENDIX 

Copies of t h e  more s i g n i f i c a n t  drawings and s p e c i f i c a t i o n s  prepared  

dur ing  t h i s  pe r iod  of t h e  c o n t r a c t ,  are enc losed  t o  supplement the 

d i s c u s s i o n  t h a t  has  been presented .  Included are: 

Drawing N o .  T i t l e  

208V006, E.O. 366013 End Cap Assembly 

SK 9112, s h e e t s  1 and 2 Test F i x t u r e ,  50 s q .  f t .  Rollup 
D e  ta i ls  

TR-1148-1 and 
TR-1148-10 

F ix ture-Vibra t ion ,  Deployable 
S o l a r  Panel  T e s t  

S p e c i f i c a t i o n  No. T i t l e  

2083003 Process  Requirements f o r  Model 208 
S o l a r  Array -- I n s t a l l a t i o n  of 
Active and Dummy S o l a r  C e l l  Submodules 
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1. 2 

SCOPE 

This  Specification descr ibes  the installation of so la r  ce l l s  ( submodule 
assembl ies )  bonded to a panel substrate.  

This  is a n  engineering specification to control this  process  at Ryan 
Aeronautical Company, and is  effective immediately upon is  sue. 

APPLICABLE DOCUMENTS 

The following documents a re  used fo r  reference and f o r m  a pa r t  of 
this  document to  the extent specified herein: 

SDecifications: 

TT-M-261 

T T  -1- 735 

MIL - S - 2 35 8 5 

Methyl-Ethyl-Ketone (for  Use in 
Organic Coatings) 

I sop r o p yl A1 coho1 

Silicone Rubber Compound, Room 
Tempera ture  Vulcanizing 

Other Publications: 

Ryan Aeronautical Company: 

MPD 1024 Vapor Degreasing 

MPD 1061 Adhe sive s 

MTS Mater ia l s  T e s t  Schedule 

QCM Quality Control Manual 

TMM Test Methods Manual 

W &IM Workmanship and Inspection Manual 
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3 . 0  

3. 1 

3. 2 

3. 2. 1 

3. 2. 2 

3. 2. 2. 1 

3. 2. 2. 2 

3. 2. 2. 3 

3. 2. 2. 4 

PRODUCT MATERIAL CONTROL 

PRODUCT M T E R I A L S  

The following ma te r i a l s  have been evaluated by the Mater ia l s  and 
P r o c e s s  Laborator ies  and a r e  approved for  use  in accordance with 
the applicable specifications o r  drawings. Other materials con- 
forming to the applicable specifications o r  drawings may  be used 
only when evaluated and approved by the Mater ia l s  and P r o c e s s  Lab- 
orator ies .  

1, Solar Cell Assembly p e r  Spectrolab Drawing No. 015774, 

2. Deployable Solar Ar ray  Panel  Assembly per  Ryan Drawing 
No. 208V013. 

3. Primer, SS-4004, General Elec t r ic  Company, 

4. Adhesive, silicone rubber ,  General  Elec t r ic  Company No. 
RTV-40 per  MIL-S-23586. 

5. Catalyst  for  I tem 4, General  Elec t r ic  Company No. Thermo-  
lite 12. 

PRODUCT MATERIAL CONTROL 

COMPONENTS 

The panel substrate  and solar ce l l s  shall be inspected and approved 
for  compliance with the applicable Engineering Drawings. 

MATERIALS 

E a c h  lot  of mater ia l s  shall be certif ied by the supplier to  conform to 
the applicable mi l i ta ry  or  Ryan specification. 

Receiving Inspection, storage and re tes t  of mater ia l s  shall  be accom- 
plished in accordance with the Mater ia ls  Tes t  Schedule. 

The Mater ia l s  and P rocess  Laborator ies  shall accomplish mater ia l  
testing required by the mater ia l s  Tes t  Schedule in accordance with 
the procedures  contained in the T e s t  Methods Manual. 

Records  of mater ia l  testing shall be maintained in accordance with 
Section 5, 6 of the Quality P rocedures  Manual. 

R Y A N  
L I N D B E R G H  F I E L D  A T  H A R B O R  D ' R I V E .  S A N  D I E G O .  C A L I F O R N I A .  9 2 1 1 2  A R E A  C O D E  7 1 4 / 2 9 6 - 6 6 8 1  



Page  4 

4. 0 

4. 1 

4. 2 

PROCESS CONTROL 

PROCESS MATERIALS 

1. 

2. 

3. 

4. 

5. 

6 .  

\ 7. 

8. 

9. 

10. 

11. 

Methyl ethyl ketone (MEK) p e r  TT-M-261. 

Isopropyl Alcohol per TT-1-735. 

RACO 2850, K-4 cleaning solvent. 

Tape, p re s su re -  sensitive, polyester ,  silicone adhesive,  
Minnesota Mining & Manufacturing Company No. &-9064. 

P a p e r  cups, unwaxed, Dixie No. 2335 o r  equivalent. 

Cots,  finger. 

Applicators , cotton tipped. 

Wipers ,  disposable, Kimwipes o r  equivalent, 

Blades,  wooden 

Stylus, wooden. 

Abrasive paper - Garnet 240 g r i t  o r  320 grit. 

PROCESS EQUIPMENT 

1. Balance, sensitivity 0, 1 grams.  

2, Sponge applicator - capable of depositing 0, 0005 to 0. 0010 
thick uniform coating of SS-4004 pr imer .  

3. Spacers ,  submodules. 

4. Spreader ,  calibrated,  fo r  RTV-40, capable of depositing a n  
adhesive layer  weighing 0 . 0 3  to, 000 -0 .005  pound per  square 
foot. 

5, Straight edge. 

6 .  Template ,  aluminum chip arrangement .  
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4. 2 a 

4. 3 

5. 0 

5. 1 

PROCESS EQUIPMENT (Continued): 

7. Vacuum system, capable of maintaining a p r e s s u r e  of 5 rmn 
of mercury.  

8. Weights, submodule bonding, 

PROCESS PERSONNEL 

Only qualified personnel who have been adequately t ra ined and tes ted 
shall  per form the operations descr ibed in this specification. 

MANUFACTURING PROCESS 

HAND LING PRECAUTIONS 

All materials used in  the manufacture of so la r  a r r a y s  a r e  lightweight, 
f ragi le ,  and costly. Therefore ,  observe the following precautions 
when handling components, 

F i l te red  submodules a re  subject to  dislocation of the f i l ter  and delami- 
nation of bus terminal  contacts when excessive p re s su re  is applied. 
During cleaning, positioning and bonding operations,  observe al l  p re -  
cautions detailed in the procedure s. 

5. 1. 1 

5. 1. 2 Do not allow solar  cell  submodules to come in contact with metal l ic  
objects. 
the i r  contamination, 

W e a r  finger cots whenever handling the cel ls  to  prevent 

5. 1, 3 The panel substrate  is s o  lightweight that  even a pencil dropped on it 
can  cause cr i t ical  damage, Therefore ,  the panel must  be handled 
with ex t reme caution at all t i m e s  and adequately supported whenever 
p r e s s u r e  is brought to bear on its surface. 

5. 2 BONDING OF ACTIVE SUBMODULES 

5. 2. 1 PREPARATION O F  ACTIVE SUBMODULES 

5. 2. 1.  1 All surface a r e a s  to  be bonded shall  be cleaned with isopropyl alcohol 
and Kimwipes and/or  brush before priming. 

5. 2. 1. 2 Clean all the negative surface of the submodule ( f fNff  bus bar)  using 
isopropyl alcohol applied with cotton swab. 
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' 5. 2, 1, 3 Using a sponge applicator,  apply a uniform coat of SS-4004 p r i m e r  
on the faying surface of each submodule, 

5. 2. 1, 4 Allow each primed submodule to set for  five (5)  minutes. 
cotton swab saturated with isopropyl alcohol, remove the excess  
p r i m e r  f r o m  the tabs.  
one hour a t  room tempera ture  before usage. 

Using a 

Allow the pr imed submodule to d r y  for  

5. 2. 2 PREPARATION O F  PANEL SUBSTRATE 

CAUTION: Exerc i se  extreme c a r e  while handling the substrate  
as s embl y. 

5. 2. 2. 1 Solvent wipe the panel substrate ,  using clean Kimwipes saturated 
with MEK, and immediately wipe d r y  with clean,  d r y  Kimwipes, 
Do not allow the solvent to evaporate on the substrate.  

5. 2, 2. 2 Carefully sand surface of substrate  using #240 o r  #320 Garnet paper 
to remove gloss. 

5. 2. 2, 3 Remove sanding residue by solvent wiping the panel substrate  using 
clean Kimwipes saturated with isopropyl alcohol and immediately 
wipe d r y  with clean, d r y  Kimwipes. Do not allow solvent to evapo- 
rate on the substrate.  Mask-off bonding a r e a  with Y-9064 tape. 

5. 2. 2. 4 Using a sponge 
35-4004 p r i m e r  on the panel substrate.  
t empera ture  for a minimum of one hour. 

applicator apply a smooth uniform light pink coat of 
Allow to air d r y  a t  room 

5 .  2. 2. 5 The submodules shall be stored in a clean protective container until 
the start of the bonding operation. 

5. 2. 3 PREPARATION AND APPLICATION O F  ADHESIVE. 

5. 2. 3. 1 Weigh 0. 5 pa r t s  Thermolite 12 catalyst  to  100 pa r t s  by weight RTV-40 
adhesive and mix in  an  unwaxed paper cup, s t i r r ing  thoroughly for  
not less than two (2) minute s, 

NOTES: 1, Five (5)  d rops  of Thermoli te  12 equals approximately 
0, 1 grams. 

2, A convenient adhesive formulation for  this  applica- 
tion i s  12 drops of Thermoli te  12 to 50 g rams  of 
RTV- 40, 
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5. 2, 3. 2 Record the quantity of adhesive and catalyst  prepared,  and the date 
on which it was mixed. 

5. 2, 3, 3 Deaerate  the mixed material in  a vacuum chamber,  
s u r e  of t h ree  to five mm of m e r c u r y  until bubbling has  substantially 
subsided, o r  for ten (10) minutes maximum. . 

Maintain a p res -  

CAUTION: Before start ing the next operation, ensure  that the 
panel substrate is adequately supported, 

5. 2. 3. 4 Using the special  calibrated spreader  provided, apply a uniform film 
of RTV-40 adhesive approximately 0. 005 inch thick on the substrate  
bonding a rea .  
pound per  square  foot, 

The adhesive weight shall be 0. 0 3  t o .  000 -0 .  005 

5. 2. 3, 5 Retain the unused adhesive for  u s e  a s  a control sample for adhesive 
se t  verification with gr id  char t  showing location. 

5. 2. 4 ACTIVE SUBMODULE INSTALLATION 

CAUTION: The submodule solar  cel ls  a r e  f ragi le  and easily con- 
taminated. 
f inger  cots when handling. 

Keep away f r o m  metallic objects and wear  

5. 2. 4. 1 Posit ion the first submodule, using a s t ra ight  edge and submodule 
spacer  to obtain proper  alignment of the submodule, 

5. 2. 4. 2 P l ace  the second submodule next to the space r ,  then position another 
spacer ,  
until all the submodules within the masked a r e a  a r e  bonded in place. 

. 
Continue placing the submodules and space r s  alternately 

CAUTION: During the next step,  exerc ise  ex t reme c a r e  when 
positioning the weights on the submodules to prevent 
damage of the fragi le  g lass  f i l t e rs  on the solar  cells. 

5. 2. 4. 3 Gently place the special  weights on the submodules, 
hold the submodules in place during cure,  
cover a row of four cel ls  and shall  have a m a s s  of 1 / 2  f 1/10 pound. 
The lower surface of the weight which contacts the cell  shall be 
covered by a layer  of t e f h n .  

The weights 
Individual weights shall  

5. 2. 4, 4 Visually inspect space r s  for proper  alignment and spacing of sub- 
modules, 
shifting the submodules before the silicone adhesive has  set. 

Minor variations in spacing may  be corrected by carefully 

0 
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5. 2. 5 CURE AND CLEANUP 

5, 2, 5, 1 Allow the RTV-40 adhesive to  cure  at room tempera ture  for one 
hour minimum. 
5, 2, 3 .  4 to verify that the mater ia l  has  se t  properly and cleanup 
operations may be performed. 

Check the unused portion of adhesive retained per  

5. 2, 5. 2 Carefully remove weights and spacers.  Do not dislodge submodules, 

5. 2. 5. 3 Remove masking tape, 

5. 2, 5, 4 Remove all excess  adhesive remaining between the submodules and 
above the cell  level ,  using a wood stylus o r  other suitable soft tool. 

5, 2, 5. 5 Using a cotton swab dampened with isopropyl alcohol, remove al l  
visible excess  p r i m e r  f rom the substrate. 
modules f r o m  the panel substrate,  

Do not l i f t  o r  loose sub- 

5. 2, 5. 6 Repeat Section 5. 2 until all a r e a s  where active submodule bonding 
is specified on the Engineering Drawing have been completed, 

5. 2, 5. 7 Cure for  24 hours  at room temperature .  

5 ,  2. 5. 8 Package for  s torage in  the special  containers provided for this  pur-  
pose. 

5. 3 BONDING OF DUMMY SUBMODULES 

5. 3. 1 DUMMY SUBMODULE ASSEMBLY 

NOTE: W e a r  clean, white cotton gloves whenever handling 
pr imed aluminum chips. 

5. 3 ,  1. 1 Verify that  the aluminum chips have been pr imed (pink color on faying 
surface).  If p r i m e r  is present ,  proceed with 5. 3 .  1. 2; if not, p r ime 
as follows: 

1. Mask one surface of the chips. 
SS- 4004. 

P r i m e  the other surface with 

2, Air  d ry  the pr imed chips for  a minimum of one hour, 
module assembly  wil l  not immediately follow, r e tu rn  the chips 
to a clean protective container for storage,  
pr imed chips must  be accomplished within 24 hours,  

If sub- 

Installation of 
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5. 3, 1. 2 Assemble the aluminum chips into a submodule configuration per  the 
Engineering Drawing, using Y-9064 p r e s s u r e  sensit ive tape and card-  
board stiffeners as required, 

5. 3, 1 .  3 Store the assembled dummy submodules in a clean protective con- 
ta iner  until ready for  the bonding operation, 

5. 3. 2 INSTALLATION O F  DUMMY SUBMODULES 

5, 3, 2, 1 Weigh and record  the weight of the panel substrate  before installing 
the dummy submodules, 

5. 3. 2. 2 P r e p a r e  the panel substrate p e r  5. 2. 2. 

5, 3. 2, 3 P r e p a r e  and apply adhesive p e r  5. 2, 3. 

CAUTION: Before start ing the next operation, ensure  that the 
panel substrate  is adequately supported. 

5. 3. 2. 4 Position the dummy submodules per  5. 2. 4. 1 and 5. 2. 4. 2. 
individual weights on the dummy cell  rows to  hold the ce l l s  in place, 

P lace  

5. 3. 2, 5 Allow the RTV-40  adhesive to cure  a t  room tempera ture  for  one 
hour minimum, Check the s e t  of the adhesive before proceeding 
with the next step. 

5. 3. 2. 6 Remove masking tape and trim edge of adhesive, 

5. 3. 2, 7 Repeat the above portions of 5. 3 until all a r e a s  where dummy sub- 
module bonding is specified on the Engineering Drawing have been 
completed. 

5. 3. 2. 8 Allow the completed unit to air d r y  for  24  hours. 

5. 3. 2.9  Remove the tape that was used to hold the dummy submodules together 
during bonding. 

5. 3. 2. 10 Remove excess  adhesive and p r imer  per  5. 2. 5. 4 and 5. 2. 5. 5, 

5. 3. 2. 1 1  Weigh and record  the weight of the panel assembly  a f te r  installation 
of the dummy submoddes  has  been completed. 
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5. 3. 3 SPOT BONDING O F  TEFLON WIRES 

5. 3. 3. 1 Determine the locations for  spot bonding a s  required by Drawing 
20 8VO 1 3. 

5. 3. 3. 2 P r e p a r e  the panel substrate per  paragraphs 5. 2. 2. 2 and 5, 2. 2. 3. 
The  surface of the wi re s  shall  be untreated. 

5. 3. 3. 3 

5. 3. 3, 4 

5. 3.  3 .  5 

5. 3. 3.  5 

5. 3. 3. 7 

6.0 

Mask off the a r e a  to be bonded using Y-9064  tape. 
per  208V013 allowing specified excess  between t ie  s t raps .  

Posit ion wi re s  

P r e p a r e  EPON 956  pe r  MPD 1061. 
s ize  pe r  208V013, 

Cut glass cloth t ie  s t r ip s  to 

Apply coat of EPON 356 to the a r e a  to be bonded. 
cloth on the adhesive. Using a d ry  brush,  force  the adhesive into 
the cloth sufficiently to  wet the f ibers  and hold loose f ibers  in place. 
Add additional E P O N  956,  i f  required. 

P lace  the d r y  

Allow adhesive to gel at least two (2)  hours. 
off sharp  edges and loose f ibe r s  using 240 g r i t  garnet  paper. 
clean with isopropyl alcohol. 

Remove tape and sand 
Wipe 

Unless otherwise specified by engineering drawing, the spot bonds 
shall be spaced at two inch intervals  using a 0 ,  20 to 0. 40 inch wide 
bond. Additional spots shall be provided a t  all wiring bends and 
within 1, 0 inch 

INSPECT ION 

of all terminal  boards. 

. 

Each  completed panel shall be visually inspected for  compliance 
with the following requirements.  
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6. 1 

6 .  2 

6. 3 

6 .  4 

6. 6 

6. 7 

Excessive bonding mater ia l  o r  loose mater ia l  shall be cause for  r e -  
jection. All RTV-40 shall be removed f r o m  above the cell  level and 
in  between the cells.  Acceptance shall be based on a visual standard 
approved by Engineering. 

The  panel shall be examined visually for  evidence of contamination 
which shall  be cause fo r  rejection. Contamination shall  be defined 
a s  loose adhesive par t ic les ,  solder flux, excess  p r i m e r ,  excess  
RTV-40, loose solder balls, dust  and any other foreign mater ia l .  

The  active submodules shall be located a s  specified on Ryan Engi- 
neering drawing No. 208VO 13. 

The dummy submodules shall  be neatly a r ranged  in the general  o rde r  
shown on Drawing 20 8VO 13. 

The active submodules shall be checked for  any evidence of damage 
such as chips,  delamination, c racks ,  contamination and bus bar  
breaks.  
plished using at l e a s t  a 7-power magnification. Description and 
location of defects shall be recorded and correlated to Drawing 
20 8VO 1 3. 

A microscopic inspection of active ce l l s  shall be accom- 

P r i o r  to application of the SS-4004 p r imer  the sanded surface of 
the substrate  shall be inspected. 
visual standards approved by Engineering. 

Acceptance shall be based on 

The 33-4004 p r imer  shall be inspected for  intensity and uniformity 
of application pr ior  t o  spreading of RTV-40 o r  applying cell modules. 
Acceptance shall be based on visual s tandards approved by Engi- 
neering. 

6. 8 The top surface of dummy ce l l s  shall be completely covered by a 
continuous coat of paint p e r  Drawing 208V013. 
other visual defects shall be cause for  rejection, 
tance shall  be based o n  visual s tandards approved by Engineering, 

Loose paint, b l i s te rs ,  
Inspection accep- 
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6.9 

7. 0 

7. 1 

The front  and r e a r  surface of the subs t ra tes  shall be examined to 
determine the presence and s ize  of adhesive voids between cel ls  
and substrate.  At l ea s t  9 5  pe r  cent of the a r e a  of each cell  shall  
be bonded. 
probes is  prohibited. 

This determination shall be made visually. The use  of 

REPAIR OR REWORK 

Spot bonding of w i re s  shall be inspected for  conformance to Drawing 
208V013 and visual standards approved by Engineering, 

AUTHORIZATION 

7. 1 .  1 Repair o r  rework to  active so la r  ce l l s  submodules that have been 
improperly located,  o r  that  do not otherwise meet  inspection r e -  
quirements ,  shall be accomplished only by Mater ia l  Review Board 
action, 

7. 1 .  2 Repair  o r  rework to dummy submodules that have been bonded in 
place shall  be accomplished only with p r io r  Inspection approval on 
a Rework Order ,  

7. 1 .  3 All other repa i r  o r  rework shall be accomplished only with p r io r  
Engine e r ing approval, 

7.  2 PROCEDURE FOR REPAIR OF DUMMY CELLS 

Dummy cel ls  that  have been improperly bonded in place shall be r e -  
paired o r  reworked as  follows: 
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7. 2 

8. 0 

8. 1 

8. 2 

8. 3 

PROCEDURE FOR REPAIR O F  DUMMY CELLS (Continued) 

1, Using lightweight nylon monofilament (fishing) l ine,  remove 
the affected submodules by carefully inserting the l ine under 
each submodule and drawing the l ine toward the operator  with 
a sawing motion. Exe rc i se  c a r e  not to dislodge adjacent sub- 
module s. 

2. It is not necessary  to  remove old adhesive before applying the 
new unless the repa i r  a r e a  i s  l a rge  enough that the total ad-  
hesive weight per  square foot would exceed specified tolerances 
of 0, 03 to. 000 -0. 005 pound. 

3, Apply new adhesive, allow to se t  for  one hour ,  clean up and 
cu re  for 24 hours  as specified in 5. 3. 

4, The repaired a r e a  shall  meet  the requirements  of 6. 0, 

QUALITY ASSURANCE 

It shall  be a Departmental responsibility to adequately t r a in  opera-  
t o r s  and inspectors.  The t ra ined personnel shall then be tes ted by 
the Mater ia l s  and P r o c e s s  Laboratories.  

Ryan Inspection shall  be responsible for  the performance of Section 
6. 0. 

It shall be a Departmental responsibility to ensure  that p rocess  
equipment mee t s  the requirements  of 4, 3. 
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9 . 0  

9 . 1  

9.  2 

10.0 

SAFETY 

The  solvents used in this MPD a r e  tocix and flammable. 
ma te r i a l s  only in well-ventilated a reas .  
cautions. 

Use these 
Observe adequate f i r e  p re -  

Avoid b a r e  skin contact with the catalyst. 
thoroughly wash the affected a r e a  with soap and water ,  

Should contact occur ,  

NOTES 

None. 
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